Paranasal meningioma was diagnosed in a 5-year-old Appaloosa gelding. The mass occupied the right maxillary, frontal, and sphenopalatine sinuses but did not invade the calvarium. The diagnosis was based on histologic evaluation, positive immunohistochemical staining for vimentin and cytokeratin, and ultrastructural features including the presence of interdigitating spindle cells with numerous desmosomes.
A 5-year-old Appaloosa gelding was referred to the University of Missouri Veterinary Medical Teaching Hospital, Columbia, Missouri, for evaluation of epistaxis and asymmetrical facial swelling that had been evident at the dorsal aspect of the right side during the preceding 5 days. The referring veterinarian had treated the problem by making 2 small incisions (to facilitate drainage) into the affected area and using unspecified antimicrobial and nonsteroidal anti-inflammatory agents.
On admission, the gelding was in normal body condition (body weight, 475 kg) and alert. Although the respiratory rate was slightly increased (32 breaths per minute), both the heart rate (40 beats per minute) and rectal temperature were normal (99.6 F). Air flow through the right nostril could not be appreciated. A mixture of blood and mucopurulent nasal discharge was evident at the right nostril. An approximately circular, nonpainful 30-ϫ 20-cm area of enlargement of approximately 5-cm depth was evident at the right side of the head, immediately rostral and ventral to the right eye. Purulent exudate was draining from 2 distinct incisions at the surface of the mass lesion.
Radiographic views of the affected area revealed an extensive soft-tissue mass density involving the right paranasal sinus system (especially the maxillary sinus). An endoscopic examination of the nasal passages revealed no abnormalities in the left side. The right nasal passages were occluded by the mass that was associated with abundant purulent exudate. Extensive inspection of the right nasal passage was precluded by the presence of the mass. A tissue biopsy was achieved following trephination of the right maxillary sinus under local anesthesia. Pending biopsy evaluation, the maxillary sinus was lavaged daily using physiological saline, and the horse was treated with phenylbutazone.
Histologic evaluation of the biopsy sample revealed primarily necrotic tissue fragments with several small clusters of spindle cells. Insufficient viable tissue was available to determine the cell of origin and provide a definitive diagnosis; however, a malignant spindle cell neoplasm was suspected. Immunohistochemistry was positive for vimentin and pancytokeratin and negative for actin, S100, and factor VIII-related antigen. The horse was euthanized as a result of the suspect malignancy.
Immediately following euthanasia, the horse's head was examined by computed tomography (CT). Results of the CT examination revealed that the neoplasm was more extensive than had been recognized earlier. The tumor had invaded the maxillary, frontal, and sphenopalatine sinuses on the right side (Figs. 1, 2). The left frontal and sphenopalatine sinus cavities had also been invaded, suggesting that the neoplasm had breached the ethmoid plate. The nasal septum was deviated to the left side. Extensive right-sided bone lysis was evident in the nasal septum, the hard palate, the maxillary bone, and bones of the orbit. The horse was submitted for necropsy evaluation after completion of the CT procedure.
Necropsy examination revealed marked facial swelling on the right. The head was sectioned with a band saw at the level of the rostral and caudal maxillary sinuses and conchofrontal sinus. The sinuses were filled with a tan to yellow, firm to fluctuant mass that contained multifocal, small areas of hemorrhage ( Fig.  3 ). The mass was expansive and caused marked septal deviation and attenuation of surrounding bone. The mass abutted but did not invade the rostral aspect of the calvarium. No additional gross abnormalities were noted in brain, heart, lung, trachea, esophagus, liver, The mass within the right caudal maxillary sinus is delineated by the arrows. There is extensive bone destruction and loss that also involves the right orbit and frontal sinus (asterisk). There is also evidence of tumor extension into the left frontal sinus. Scale on left is in centimeter graduations. pancreas, stomach, kidneys, and intestinal tract. Representative tissue samples of the major organs listed above as well as the sinus mass were fixed in 10% neutral buffered formalin, routinely processed for histologic evaluation, and stained with hematoxylin and eosin (HE). Sections from the sinus mass were also stained for vimentin (1:100), cytokeratin (1:800), S100 (1:200), actin (1:50), and factor VIII-related antigen (1:200) by a commercial immunoperoxidase technique a using diaminobenzidine chromagen. All antibodies were from a single commercial source. a Hematoxylin and eosin-stained sections from the sinus mass contained a homogeneous population of polygonal to plump spindle-shaped cells, most often arranged in sheets and poorly defined interwoven bundles (Fig. 4) . The cells had elongated nuclei that usually contained 1 or 2 small nucleoli. Chromatin was finely clumped and nuclei were occasionally vesiculated. The cells had abundant eosinophilic cytoplasm, and cell margins were usually indistinct except in occasional areas where cells were widely separated by eosinophilic fluid. Several areas contained cyst-like spaces also filled with eosinophilic fluid. There was scant fibrous stroma that usually appeared as short, branching bands or trabeculae. Moderate numbers of mitoses were also present throughout the neoplasm. Neoplastic cells stained positive for cytokeratin and vimentin ( Fig. 5a, 5b ). Immunohistochemical stains for S100, factor VIII-related antigen, and actin were negative.
Transmission electron microscopy was performed on formalin-fixed tissue samples and processed by standard resin embedding and staining. Representative areas of the neoplasm were composed of interdigitating spindle cells with moderate numbers of desmosomes ( Fig. 6 ). Stromal collagen was scant, and intracellular accumulations of intermediate (10-nm) filaments were frequently seen. Based on histologic and ultrastructural appearance and immunohistochemical staining, a diagnosis of fibroblastic meningioma was made.
Tumors of the nasal and paranasal sinuses in the equine have been the subject of recent reviews. 3, 5 These reviews reported a total of 78 sinonasal tumors. The various tumor types reported included squamous cell carcinomas, adenocarcinomas, bone tumors, dental tumors, fibrosarcomas, melanomas, lymphosarcomas, and hemangiosarcomas. A single case of undifferentiated sarcoma was also described, for which efforts to identify the cell types of origin were unsuccessful. Nonneoplastic conditions included maxillary cysts, progressive ethmoid hematoma, inflammatory nasal polyps, and benign tumors originating from bone. The caudal maxillary sinus is considered the most common site of origin for these neoplasms. Distant metastasis of sinonasal neoplasia has not been described; however, regional lymph node metastasis does occur, principally with carcinomas. Although therapy of sinonasal neoplasms in horses is not usually successful, radiotherapy (cobalt 60) has been used in cases of nasal and paranasal squamous cell carcinoma with good to excellent results that were considered to be superior to surgical excision alone. 11 Meningiomas involving the paranasal sinuses are rare but are well recognized in humans 4,10 and the dog. 8 These tumors are believed to arise from meningeal arachnoid cells that are trapped within or outside bone during development of the skull and facial bones and may present as a polypoid or expansive mass. Various histologic types have been described in the paranasal sinuses including psammomatous, fibroblastic, transitional, meningothelial, and angioblastic. In most cases of paranasal meningioma, there is some involvement of the cranial vault, either by extension of a primary brain tumor into the sinuses or invasion of the cranium by a tumor believed to have arisen from the sinuses.
The immunohistochemical staining pattern of meningiomas most often indicates concurrent expression of mesenchymal and epithelial phenotypic markers. Meningiomas are usually positive for both vimentin and epithelial membrane antigen (98% of the tumors studied). 6, 7 In 1 study, 28% of meningiomas were positive for S-100 protein. 9 Various reports have indicated that 12-32% of meningiomas also express cytokeratin, 1, 9 as in the present case. A variety of other immunohistochemical markers have been used, but examples of positive staining occur with less frequency than vimentin, epithelial membrane antigen, and keratins. Most of the previous reports utilized paraffinembedded tissues for analysis; however, when frozen sections were examined, a higher percentage of cytokeratin expression (50%) was obtained. 7 Ultrastructural features of meningiomas include the presence of interdigitating cytoplasmic processes, extracellular collagen, cytoplasmic filaments, and desmosomes. 2 Samples for electron microscopy in this case were derived from formalin-fixed samples, and ultrastructural detail was not optimal. However, the spindle cell morphology, intracytoplasmic filaments, and desmosomes were visible in most of the sections examined.
A previous report of 10 cases of paranasal meningiomas in dogs described approximately equal distribution among histologic types (psammomatous, fibroblastic, transitional, meningothelial, and angioblastic). 8 Eight of 10 cases had extensive invasion into the brain, and tumor behavior was determined to be more aggressive than the typical intracranial counterpart, which is usually attached to the dura and compresses the adjacent brain. Based on the descriptive histologic features of that report, the present equine case is best categorized as fibroblastic; however, the cranial vault was spared even though there was destruction of facial bones.
Although neoplasms of the paranasal sinuses in horses are not rare, meningioma has not been previously reported. Meningioma may now be added to the list of differential diagnoses for equine paranasal sinus tumors. As these tumors often express phenotypic markers of both a mesenchymal and epithelial origin, immunohistochemistry is considered invaluable in establishing the diagnosis.
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